Abstract: Viscosities which are accurate to ± 0.01mP, have been measured for binary liquid mixtures of acetylene tetrachloride (CHCl2CHCl2, hereafter abbreviated simply as ATC) with benzene, toluene, p-xylene, acetone and cyclohexane at 303.15 ±0.01K. The values of the quantity , which refer to the deviations of the experimental values of the dynamic viscosities of the mixtures from the mole fraction mixture law values, have been found to be negative for the systems ATC-benzene, ATC-toluene, ATC-p-xylene and ATC-cyclohexane. For ATC-acetone, has been found to be negative at low mole fractions of ATC and positive at high mole fractions. Also the values of the parameter d have been calculated from the equation ln = x1 ln 1+x2 ln 2 +x1 x2 d, where 1 & 2 refer to the dynamic viscosities of the two pure liquids 1 and 2 whose mole fractions in the mixtures are x1 & x2 respectively. The values of d indicate the existence of specific interaction of ATC with benzene, toluene, p-xylene and acetone. The viscosity data have been analysed in the light of absolute reaction rate and free volume theories of liquid viscosity.
INTRODUCTION

Binary
systems of acetylene tetrachloride (CHCl 2 CHCl 2 ) (ATC) with benzene, toluene, p-xylene, acetone and cyclohexane are of considerable interest from the viewpoint of the existence of specific interaction between the components in the liquid state. The specific interaction of CHCl 2 CHCl 2 with aromatics and acetone can be visualized to be due to the presence of four Cl atoms and two H atoms in CHCl 2 CHCl 2 , on account of which it can act as aacceptor toward, and be involved in hydrogen-bond formation with aromatics and acetone. The aromatics in their interaction with CHCl 2 CHCl 2 will act as -donors, whereas acetone will act as an n-donor. The system of cyclohexane with CHCl 2 CHCl 2 , in which case only the dispersion, dipolar and induction forces are believed to be present, is of interest as it will act as a reference system. Extensive studies concerning the properties of these systems have not been made in the literature. However, measurements of Dielectric Properties of mixtures of Acetylene Tetrachloride with toluene and acetone were carried out at 308.15K [1] . The measurements of excess enthalpy of mixing have been also made for the binary mixtures of ATC with acetone [2} and the results obtained have been discussed from the viewpoint of specific interaction between the components of various mixtures, it was thought worthwhile to get further information concerning the formation of adducts of ATC with aromatics and *Address correspondence to this author at the Chemistry Department, College of Engineering, Teerthankar Mahaveer University, Moradabad-244001, India; Tel: +919458444596; E-mail: atrideo@rediffmail.com acetone from viscosity data. Hence, in the present programme measurements of viscosity have been made for binary mixtures of ATC with benzene, toluene, p-xylene, acetone and cyclohexane at 303.15 K and the results obtained are interpreted in this paper.
EXPERIMENTAL
Binary mixtures were prepared by a weighing method, using an analytical balance-ohaus-200. The uncertainty in mole fraction was 5x10 -4 . Materials: Benzene and toluene which were of AR or GR grade quality were purified in a manner similar to that given elsewhere [1, 3] . p-xylene (Pfizer)of reagent grade was subjected to treatments with concentrated sulfuric acid, with distilled water, with dilute sodium carbonate solution, and again with distilled water. It was further dried over anhydrous calcium chloride and then subjected to fractional crystallizations which were followed by fractional distillations. Acetone and cyclohexane were purified and their purity was checked as described earlier [4, 5] .
The kinematic viscometer described by Tuan and Fuoss [6] , used for the present measurements of viscosities of the various pure liquids and their binary mixtures at 303.15 K ±0.01K and by following the procedure described elsewhere [7] .
EXPERIMENTAL PROCEDURE
The viscometer was properly mounted vertically on a wooden stand which was specially constructed for this purpose. The viscometer was first calibrated by noting the flow times for acetone and cyclohexane at 303.15K, and then calculating the constants A' and B' of the equation
where / is kinematic viscosity, refers to the dynamic viscosity and is the density. By using the dynamic viscosity in centipoises, in in g cm -3 and time t in seconds, the values of the constants A' and B' may be evaluated for the kinematic viscometer used in the present programme. The measurements of kinematic viscosities were first made for pure liquids and their binary mixtures studied in the present programme. Kinematic viscosities will be converted to dynamic viscosities by use of densities which, for pure liquids and their mixtures were measured by using a vibrating tube densimeter (model DMA, Anton -Paar 60/602) [8] at 303.15K.
The precision in the measured values of is in the order of ±0.01mp.
RESULTS & DISCUSSIONS
The experimental values of for the various pure liquids and their binary mixtures of ATC at 303.15K are given in Table 1 and plotted in Figure 1 , where x 1 refers to the mole fraction of ATC. [9] for the various liquids in the same order.
A simple additive relation [10] to predict the mixture viscosity from the properties of pure components, when the interactions of pure components are neglected, is the equation
Where 1 and 2 refer to the dynamic viscosities of the two pure components 1 and 2 whose mole fractions are x 1 & x 2 respectively, and is the dynamic viscosity of the mixture. In practice, however, deviations of the experimental values of the dynamic viscosities of the mixtures from those predicted by Eq. (1) are found to occur, thus indicating that explicit account of the contributions to the mixture viscosity due to interactions between components has to be taken. We shall now analyze our viscosity data for the various mixtures in the light of the various theories of liquid mixture viscosity. The various theories of liquid mixtures have been discussed by Reid, Prausnitz & Sherwood [11] . Two major semi empirical theories which can be used to predict liquid mixture viscosity are the absolute reaction rate theory of Eyring and coworkers [12] and the free volume theory [13] [14] [15] . The absolute reaction rate theory relates the viscosity to the free energy required by a molecule to overcome the attractive force field of its neighbours, so that it can jump to a new equilibrium position; and hence the deviation of the experimental value of the mixture viscosity from the value obtained from Eq (1) is related to the free energy of mixing or the excess free energy. On the other hand, the free volume theory relates the viscosity to the probability of occurrence of an empty neighbouring site into which a molecule can jump. This probability is exponentially related to the free volume of the liquid. Hence, the deviation of the mixture viscosity from Eq.
(1) can be attributed to the variations in the free volume of the solution. Combining the absolute reaction rate and free volume theories of viscosity of liquids, Bloomfield and Dewan [10] have obtained the relation
In Eq (2), H M is the enthalpy of mixing per mole of the solution, S R the residual entropy per mole, R the gas constant, T the absolute temperature, and, 1 , 2 and the reduced volumes of component 1, component 2 and the solution respectively. In Eq. (2), id refers to the contribution to the mixture viscosity from the ideal mixture viscosity obtained from Eq. (1), and H, s and v refer to the contributions to the liquid mixture viscosity from enthalpic, entropic and free volume, corrections respectively, to the ideal behavior. For estimating the contribution to the mixture viscosity from H M / (RT) and S R / R in Eq. (2) 
And
In Eqs (3) and (4), the parameter Ci for a component i is related to the characteristics pressure Pi'* the characteristic temperature T*i' and the hard - core volume per mole Vi* of component i as described elsewhere [7, 15] . The characteristics parameters Pi'* Ti*' and Vi'* and the reduced volume i which are given in Table 2 , and the reduced temperature Ti , of the pure component i used in the present calculation were obtained from the values (see Table 2 ) of the molal volume V, the thermal expansion coefficient , and the thermal expansion coefficient , by using the methods described by Abe and Flory [16] . The parameter 2 X 12 (characteristic of a system), used to calculate H M / (RT) from Eq. (3), was estimated from the reduced excess volume E , by using the experimental values of the excess volumes for equimolal mixtures and by employing the relations described by Abe and Flory [16] . The values of the reduced volumes ( ) of the solutions used in the present calculations were also obtained from the relations of Abe and Flory [16] by using the experimental values of excess volumes for the various systems [5] .
The contributions of the various terms in Eq. (2) are given in columns 3-6 of Table 1 , and values of the free energy contribution, defined by G = H S are given in column 9. The various combinations of the calculated contributions from various terms to , combining them multiplicatively, in accordance with the logarithmic relation in Eq. (2) , are recorded in columns 10-13 of Table 1 . The free volume theory, which takes into account free volume corrections to the ideal mixture viscosity id , corresponds to id V , where as absolute reaction rate theory, which takes into account the free energy corrections to the ideal mixture viscosity, corresponds to id G . Macedo -litovitz 's theory [17] which takes into account enthaplic and free volume corrections to ideal mixture viscosity corresponds to id H V which is given in column 14 of Table 1 . The values of the complete product id H S V are given in the column 15. Table 1 shows that for the system ATC-benzene, the experimental viscosities are best reproduced by id S or id V , whereas the values predicted by id H or id V are somewhat less satisfactory in this case. Further, the experimental viscosities for the systems ATCtoluene and ATC -p -xylene are best reproduced by id V . For the system ATC-cyclohexane, the experimental viscosities are also best reproduced by id V , whereas the values predicted by id H , id S , id G , id H V and id H S V exhibit larger deviations from the experimental values for this system. Though the values predicted by, id V for ATC -ACETONE are relatively closer to the experimental values, none of id H , id S , id G , id V , id H V and id H S V satisfactorily reproduces the experimental viscosities for this system . Values obtained from the interpolation of the data tabulated in Ref. [16] . c Values computed from densities at three temperatures,the density data being taken from Ref. [9] . Values estimated from isothermal compressibility kT,by using the relation = /kT. Values of kT were obtained from Ref. [20] . e Vales estimated from isothermal compressibility which,in turn, was obtained from adiabatic compressibility reported in Ref. [9] . Table 1 , which shows that the values of are negative throughout the whole range of composition for ATCbenzene, ATC-toluene, ATC-p-xylene, and ATCcyclohexane. It also shows that the values of are negative throughout the whole range of composition for ATC-benzene, ATC-toluene, ATC-p-xylene, and ATCcyclohexane.
It also shows that for ATC-acetone, the values of are negative at low mole fractions of ATC and positive at high mole fractions. At x 1 =0.5, the values of have the sequence
The values of can be discussed from the viewpoint of the existence of specific interaction leading to the formation of molecular complexes between the components of the various systems [7] . For systems where dispersion, induction and dipolar forces are operating, the values of ( ) are found to be negative, whereas the existence of specific interaction leading to the formation of adducts between the two components of various binary systems tends to make positive. The measurements of dielectric constants [1] have indicated that ATC forms molecular complexes with the aromatic hydrocarbons and acetone. The large negative values of for ATC-benzene, ATC-toluene and, ATC-p-xylene can be attributed to the predominance of contributions to on account of the dispersion, dipolar and induction forces over those due to specific interactions between the components. The slightly negative values of at low mole fractions and positive values of at high mole fractions of ATCacetone system show that acetone forms molecular complexes with ATC. From an NMR study McClellan and Nicksic [18] have shown that the molecules of ATC are self associated through hydrogen bonding. The specific interaction are expected to be hydrogen bond formation between the hydrogen of ATC and proton acceptor groups.
According to Grunberg and Nissan, [19] , the values of for a binary mixture of components 1 and 2 is given by ln = x 1 ln 1 + x 2 ln 2 + x 1 x 2 d
Where d is a parameter which is regarded as a measure of the strength of interaction between the components. The values of d, as estimated from eq (3) by taking 1 , 2 , in mP are given in the column 3 of the Table 1 for various mixtures. The values of d which are slightly positive in the case of the systems ATCbenzene, ATC-toluene, ATC-p-xylene, suggest that ATC forms weak complexes with benzene, toluene and p-xylene; whereas the higher positive values of d for ATC -acetone system show that ATC forms strong complexes with acetone in the liquid state because of hydrogen bonding between the hydrogen atom of ATC and lone pair of electrons on the oxygen atom of acetone. On the other hand, the specific interaction between ATC and aromatic hydrocarbons can be explained as due to formation of a weak hydrogen bond between the hydrogen atom of ATC andelectrons of the aromatic ring. However, there is also a possibility of charge transfer complex formation with aromatic hydrocarbons via chlorine atom--electron interactions. 
